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Abstract
Summary Doctors do not know whether treatment of high parathyroid hormone levels is linked to better outcomes in their
patients with kidney disease. In this study, lower parathyroid hormone levels at baseline were linked to lower risk of fracture,
vascular events, and death in people with kidney disease.
Purpose Chronic kidney disease (CKD) affects ~ 20% of older adults, and secondary hyperparathyroidism (HPT) is a common
condition in these patients. To what degree HPT predicts fractures, vascular events, and mortality in pre-dialysis CKD patients is
debated. In stage 3 and 4 CKD patients, we assessed relationships between baseline serum PTH levels and subsequent 10-year
probabilities of clinical fractures, vascular events, and death.
Methods We used Marshfield Clinic Health System electronic health records to analyze data from adult CKD patients
receiving care between 1985 and 2013, and whose PTH was measured using a second-generation assay. Covariates
included PTH, age, gender, tobacco use, vascular disease, diabetes, hypertension, hyperlipidemia, obesity, GFR, and use
of osteoporosis medications.
Results Five thousand one hundred eight subjects had a mean age of 68 ± 17 years, 48% were men, and mean follow-up was 23
± 10 years. Fractures, vascular events, and death occurred in 18%, 71%, and 56% of the cohort, respectively. In univariate and
multivariate models, PTH was an independent predictor of fracture, vascular events, and death. The hazards of fracture, vascular
events and death were minimized at a baseline PTH of 0, 69, and 58 pg/mL, respectively.
Conclusions We found that among individuals with stage 3 and 4 CKD, PTHwas an independent predictor of fractures, vascular
events, and death. Additional epidemiologic studies are needed to confirm these findings. If a target PTH range can be confirmed,
then randomized placebo-controlled trials will be needed to confirm that treating HPT reduces the risk of fracture, vascular
events, and death.
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Introduction

CKD affects one in five older adults [1] and 14% of the gen-
eral population [2]. CKD causes more deaths per year than
breast or prostate cancer [2]. Medicare spends nearly one-fifth
of its budget on CKD patient care, due to excess vascular
events, fractures, infections, and subsequent premature death
[3] compared with patients without CKD. Indeed, patients >
65 years old with CKD have a higher prevalence of cardio-
vascular disease compared to individuals of the same age
without CKD (70% vs. 35%) [2].

Secondary hyperparathyroidism (HPT) affects nearly all
stage 5 (dialysis) CKD patients and over half of stage 3–4
CKD patients [4–6]. The pathogenesis of hyperparathyroid-
ism is well established [7]. Declining renal 1,25(OH)2D syn-
thesis leads to reduced intestinal calcium absorption and lower
ionized serum calcium levels. To maintain normocalcemia,
the parathyroid glands released parathyroid hormone (PTH),
which upregulates renal 1,25(OH)2D synthesis to increase
calcium absorption, and stimulates osteoclastic bone resorp-
tion to liberate skeletal calcium into the bloodstream.

Because HPT increases osteoclastic bone resorption,
prolonged HPT would be expected to reduce BMD and in-
crease the probability of fractures. In a literature review, we
found only four cross-sectional studies [5, 8–10] in 356 indi-
viduals that evaluated the relationship between PTH and bone
mineral density (BMD) in patients with stage 3–4 CKD. Three
of four studies identified a relationship between PTH and
BMD, suggesting that treatment of HPT would increase
BMD and reduce risk of fractures. We found weak evidence
suggested that treating HPT improved bone mineral density (2
trials, 62 subjects) [11, 12] and no trials testing whether treat-
ment of HPT reduced the risk of fracture. Likewise, we found
no trials that evaluated whether treating HPT reduced the risk
of vascular events or death.

Based on expert opinion and observational studies, the
National Kidney Foundation published guidelines on how to
manage HPT. The 2003 guidelines [13] suggested specific
PTH targets to achieve, depending on the stage of kidney
disease. However, the 2009 National Kidney Foundation
guidelines [7] acknowledged that target PTH levels were
based on expert opinion, rather than randomized clinical trials.
Because vitamin D analogs can raise serum calcium and phos-
phorus and might promote vascular calcification, the 2017
National Kidney Foundation guidelines [14] reserved treat-
ment for stage 3–4 CKD patients with severe and progressive
hyperparathyroidism; specific PTH targets were not
recommended.

In summary, the potential harm from the use of vitamin D
and its analogs, and lack of clinical trials proving the benefits
of such therapy, have led to uncertainty about whether to treat
HPT in stage 3 and 4 CKD patients. We utilized the
Marshfield Clinic Health System (MCHS) data repository to

evaluate relationships between serum PTH levels and clinical
fractures, vascular events, and mortality in patients with stage
3 and 4 chronic kidney disease. Our objectives were to (1)
evaluate whether PTH was an independent predictor of these
events, and (2) seek an optimal PTH level that minimized
these three adverse clinical outcomes. We hypothesized that
higher PTH levels would be associated with greater probabil-
ity of fractures, vascular events, and death, compared with
lower PTH levels.

Methods

We utilized electronic health records of patients within the
MCHS data repository from a collection period spanning
28 years (1985 to 2013). The database includes patients’ de-
mographic characteristics, medical conditions, laboratory re-
sults, fractures, imaging results, and medication use. We in-
cluded patients who were (1) ≥ 21 years old, (2) had a mean
GFR < 60 mL/min during the baseline year based on the av-
erage of at least 2 measures, (3) had at least two parathyroid
hormone levels measured during the baseline year during out-
patient clinic visits, and (4) subsequently received medical
care at Marshfield Clinic for at least 2 years, prior to
November 2013. We excluded patients on dialysis and pa-
tients with primary hyperparathyroidism.We further excluded
patients who had undergone parathyroidectomy, a procedure
largely restricted to dialysis patients.

As in other medical centers, the PTH assay used at the
Marshfield Clinic Laboratory changed several times over the
span of 30 years. First generation PTH assays measured PTH
fragments that accumulated in renal failure but were devoid of
biologic activity [15]. Third generation PTH assays did not
detect PTH7-84 fragments [15]. Currently, the second gener-
ation assay is used in the vast majority of medical centers [16].
To make our study results most relevant to current clinical
practice, we limited our analysis to subjects whose PTH was
measured using a 2nd generation assay. Such 2nd generation
assays were first used at MCHS in February 1997.

Co-variates in multiple variable models were chosen based
on their known association with the risk of fracture, vascular
events, and death. Thus, we included age (≤59, 60–69, 70–79,
and ≥ 80 years old), gender, tobacco use, vascular disease,
diabetes, hypertension, hyperlipidemia, obesity, GFR, and os-
teoporosis medication as covariates. At least two ICD-9 coded
clinic encounters within a 24-month interval were required to
denote the presence of diabetes, hypertension, or hyperlipid-
emia, as described elsewhere [17, 18]. We used ICD-9 codes
designating specific skeletal fracture sites known to reflect
osteoporotic fracture including hip (ICD-9820–822), wrist
(ICD-9813), humerus (ICD-9812), and vertebral (ICD-9805)
fractures. We also used ICD-9 codes to denote vascular
events. We required that at least two clinical encounters noted
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the ICD-9 code prior to counting the vascular event, since
Bruling out^ such an event was often used to support the need
for imaging (e.g., head CT scan to rule out stroke).

Statistical analysis

We analyzed predictors of three clinical outcomes (frac-
ture, vascular events, death) occurring after parathyroid
hormone measurement, using the mean of two or more
baseline PTH values. First, we used survival tree models
[19] with the tenfold cross-validation method [20] to iden-
tify the PTH level at which the probability of each clinical
outcome was minimized. In the full survival tree model,
we used all covariates, while in the second or reduced
model, we employed the mean PTH level alone. We then
applied Cox proportional hazard models using each se-
lected PTH cutpoint, to confirm the survival tree models
indicating the PTH level at which the probability of each
outcome was minimized. Herein, we only report the
models using the significant cutpoints. We used Cox pro-
portional hazard ratios and Kaplan-Meier survival curves
to evaluate the risks of each clinical outcome, in patients
with PTH below and above the Boptimal^ level identified
by survival tree and tenfold cross-validation models. Our
multivariate models controlled for age, gender, tobacco
use, diabetes, hypertension, hyperlipidemia, vascular dis-
ease, obesity, GFR, bisphosphonate, and other bone-active
medications [21–23]. We performed a further sub-analysis
to assess whether the optimal PTH level differed between
patients with stage 3 and stage 4 CKD. We used version
3.2.3 of BR^ (The R Project for Statistical Computing,
http://www.r-project.org) for all statistical analyses.

Results

We initially identified 7594 potentially eligible subjects
who received care at MCHS between 1985 and 2013.
Among these subjects, 5108 (67%) had PTH measured
during the baseline year using a 2nd-generation PTH as-
say and were included in the current study. The final co-
hort of 5108 patients were 68 ± 17 years old, 48% were
men, and they received care at MCHS for 23 ± 10 years
(Table 1). Among the cohort, 18% sustained clinical frac-
tures, 71% experienced vascular events, and 56% died.
We did not include race, body mass index, denosumab,
or teriparatide as covariates due to lack of records regard-
ing these data (race, body mass index) or too few individ-
uals with the characteristic (use of denosumab or
teriparatide). The 2010 United States Census estimated
that ~ 19,000 people lived in Marshfield, Wisconsin, and
the vast majority (~ 95%) were Caucasian, suggesting that

our cohort was largely Caucasian [24]. We had no missing
data for age, gender, diabetes, hypertension, hyperlipid-
emia, coronary artery disease, peripheral vascular disease,
bisphosphonate, estrogen, or testosterone therapy.

PTH was significantly associated with fractures, vascular
events, and death in univariate models (Table 2). In multivar-
iate models, PTH remained a significant predictor of fracture,
along with age, gender, vascular disease, and osteoporosis
therapy (Table 3). Likewise, PTH remained an independent
predictor of vascular events in a multiple variable model,
along with age, gender, diabetes, obesity, and GFR
(Table 3). Finally, in multiple variable models predicting
death, PTH was once again an independent predictor along
with age, gender, vascular disease, diabetes, hypertension, hy-
perlipidemia, obesity, and GFR (Table 3).

We investigated the baseline PTH value at which frac-
ture, vascular events, and deaths was lowest. In these
analyses, we used survival tree models with tenfold cross
validation. Initial analyses suggested that the odds of frac-
ture was lowest when baseline PTH values were 101 pg/
mL. However, there was no significant difference between
the slope of the curve for fracture risk, when comparing
the odds of fracture in subjects with baseline PTH levels
above and below 101 pg/mL. Instead, graphing of data
showed that the odds of fracture rose in parallel with
rising PTH (Fig. 1). In the fracture model using PTH as
a continuous variable, PTH remained a significant inde-
pendent risk factor (p = 0.042). In conclusion, a PTH level
of zero was associated with the lowest probability of sub-
sequent fracture. In this sensitivity analysis, the probabil-
ity of vascular events was lowest at a baseline PTH of
69 pg/mL (Fig. 2). The probability of death was mini-
mized when baseline PTH was 58 pg/mL (Fig. 2).
Table 3 provides the hazards of fracture, vascular events,
and death, using the PTH cutpoints identified in models.

Probability of fracture, vascular events,
and death by stage of CKD

We performed a sensitivity analysis to determine whether
the optimal PTH cutpoint differed, based on stage of CKD.
In this analysis, we grouped patients into those with an
average GFR ≥ 30 mL/min (n = 3923) and a GFR <
30 mL/min (n = 1185) during the baseline year. In these
analyses, we found no optimal PTH level that reduced
the risk of fracture. In subjects with a GFR ≥ 30 mL/min,
a PTH of 69 pg/mL was associated with the lowest risk of
vascular events. In subjects with a GFR < 30 mL/min, a
PTH of 58 pg/mL was associated with lowest risk of death.
In the other subgroups, we found no clear cutpoint in PTH
associated with clinical outcomes.
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Discussion

KDIGO recommends specific PTH levels to achieve in dialysis
patients [14], based on epidemiologic studies demonstrating
that PTH levels < 2 and > 9 times the normal range are associ-
ated with cardiovascular and all-cause mortality [25, 26].
However, KDIGO found insufficient data to define the optimal
PTH level in pre-dialysis CKD patients. We conducted the
current study in order to evaluate the relationship between base-
line PTH levels and long-term risk of fractures, vascular events,
and death in a large cohort of stage 3–4 CKDpatients whowere
medically homed at MCHS. In our study, PTH was an inde-
pendent risk factor in multiple variable models predicting frac-
ture, vascular events, and death. In survival tree models with
tenfold cross-validation, fracture risk was lowest at a PTH level
of zero, and steadily rose in concert with a rising PTH. By
contrast, the risk of vascular events and deathwere lowest when
baseline PTH levels were 69 and 58 pg/mL, respectively.

In a literature review, we found four cross-sectional studies
[5, 8–10] in 356 individuals that evaluated the relationship
between PTH and bone mineral density (BMD) in patients
with pre-dialysis CKD. In the first study, PTH was inversely

associated with 33% radius (r − 0.701, p < 0.01) but not with
spine BMD in 69 patients with CKD [8]. Intact PTH values
were 78 ± 18 pg/mL in stage 3, 123 ± 21 pg/mL in stage 4, and
312 ± 39 pg/mL in stage 5 (GFR 9–15 mL/min) patients [8].
In a second study [9] of 113 patients with creatinine > 1.5 mg/
dL, those with PTH > 2 times upper normal limit had lower
spine, hip, and total body BMD, compared with CKD patients
with normal PTH; patients’ PTH values were not reported. A
third study [10] in 85 individuals with creatinine > 1.5 mg/dL
and PTH values of 127 ± 113 pg/mL, researchers found no
correlation between PTH and radius BMD at baseline, or be-
tween PTH and the 1-year change in radius BMD. In a fourth
study [5] of 89 patients with stage 3–4 CKD and median PTH
values of 76 (9–283) ng/L, the log of PTH was inversely
associated with the log of total hip BMD, in univariate and
multivariate models. Thus, three of four studies identified a
relationship between PTH and BMD, suggesting that treat-
ment of HPT would increase BMD and reduce risk of frac-
tures. However, we found only weak evidence suggesting that
treating HPT-improved bone mineral density (2 trials, 62 sub-
jects) [11, 12] and no clinical trials assessing whether treat-
ment of HPT reduces the risk of fractures.

Table 1 Subject characteristics
7594 subjects 5108 subjects

Clinical Age, years 68 ± 13 68 ± 17

Male gender 3418 (45%) 2433 (48%)

Tobacco use 4129 (54%) 3031 (59%)

Duration of care at Marshfield Clinic 25 ± 15 years 23 ± 10 years

Prevalence of comorbidities Coronary artery or peripheral vascular disease 4981 (66%) 3644 (64%)

Diabetes 3875 (51%) 2725 (53%)

Hypertension 6793 (89%) 4730 (93%)

Hyperlipidemia 3606 (47%) 2671 (52%)

Obesity 3141 (41%) 2350 (46%)

Labs GFR, mL/min 39 ± 16 35 ± 13

PTH, pg/mL 98 ± 91 105 ± 100

Medication Bisphosphonates – 709 (14%)

Denosumab or teriparatide – 113 (2%)

Estrogen, raloxifene, testosterone – 519 (10%)

Outcomes Fractures – 921 (18%)

Vascular events – 3644 (71%)

Death – 2865 (56%)

Table 2 Univariate relationship
between baseline parathyroid
hormone levels and hazards of
fracture, vascular events, and
deatha

Fracture Vascular events Death

HRb (95% CI) p value HR (95% CI) p value HR (95%CI) p value

1.001

(1.001, 1.002)

0.039 1.001

(1.001, 1.002)

< 0.001 1.002

(1.001, 1.002)

< 0.001

a Parathyroid hormone was analyzed as a continuous variable in univariate models
b HR indicates the hazard ratio with its 95% confidence interval
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We found three studies that explored the relationship be-
tween PTH and subsequent vascular events or death in pre-

dialysis CKD patients. A retrospective study of veterans with
stage 3 and 4 CKD found that PTHwas significantly higher in
48 veterans with cardiovascular events, compared to 148with-
out such events (156 ± 107 vs. 109 ± 87 pg/mL, p = 0.003)
[27]. The odds of sustaining a cardiovascular event were 1.3

Table 3 Multiple covariate models predicting hazard ratios for fracture, vascular events, and death in 5108 patients with 2nd-generation PTH values
above and below thresholds

Fracture Vascular events Death

Covariates HR (95% CI) p value HR (95% CI) p value HR (95%CI) p value

Clinical Age ≤ 59 years 0.47 (0.36, 0.63) < 0.001 0.44 (0.39, 0.49) < 0.001 0.30 (0.26, 0.34) < 0.001

Age 60–69 0.54 (0.42, 0.69) < 0.001 0.56 (0.50, 0.62) < 0.001 0.40 (0.36, 0.45) < 0.001

Age 70–79 0.75 (0.60, 0.92) 0.006 0.70 (0.63, 0.77) < 0.001 0.58 (0.52, 0.64) < 0.001

Age ≥ 80 years referent referent referent

Male gender 0.69 (0.58, 0.84) < 0.001 1.28 (1.18, 1.38) <0.001 1.26 (1.16, 1.38) < 0.001

Tobacco Use 0.93 (0.79, 1.11) 0.427 1.07 (0.99, 1.16) 0.069 1.01 (0.93, 1.10) 0.752

Comorbidities Vascular disease 1.80 (1.44, 2.26) < 0.001 – – 1.61 (1.44, 1.79) < 0.001

Diabetes 1.18 (1.00, 1.40) 0.055 1.29 (1.19, 1.39) < 0.001 1.23 (1.13, 1.33) < 0.001

Hypertension 1.28 (0.84, 1.94) 0.249 1.05 (0.89, 1.23) 0.596 0.75 (0.64, 0.88) < 0.001

Hyperlipidemia 0.99 (0.83, 1.17) 0.887 0.99 (0.93, 1.07) 0.879 0.80 (0.74, 0.86) < 0.001

Obesity 0.89 (0.75, 1.07) 0.212 1.12 (1.04, 1.21) 0.003 0.91 (0.84, 0.99) 0.029

Labs GFR, mL/min 1.00 (0.99, 1.00) 0.268 0.99 (0.99, 0.99) < 0.001 0.98 (0.98, 0.98) < 0.001

PTH < cutpoint 0.95 (0.78, 1.15)a 0.605 1.11 (1.00, 1.23)b 0.058 1.05 (0.89, 1.25)b 0.546

PTH > cutpoint 1.16 (0.93, 1.45)a 0.195 1.18 (1.09, 1.27)b < 0.001 1.19 (1.09, 1.30)b < 0.001

Meds Bisphosphonates 1.65 (1.35, 2.01) <0.001 1.00 (0.90, 1.11) 0.988 1.09 (0.98, 1.22) 0.126

Otherc 1.50 (1.22, 1.85) < 0.001 0.93 (0.83, 1.03) 0.176 0.89 (0.79, 1.01) 0.068

a Initial analyses suggested that the PTH cutpoint for reduced hazard of fracture was 101 pg/mL. However, there was no significant difference between
the slope of the curve for fracture risk, when comparing odds of fracture in subjects with baseline PTH levels above and below a PTH value of 101 pg/
mL. Instead, graphing of data showed that the odds of fracture rose in association with rising PTH. In the fracture model using PTH as a continuous
variable, PTH remained a significant independent risk factor (p = 0.042)
b The PTH cutpoint was 69 pg/mL for vascular events and 58 pg/mL for death
c Other medications included estrogen, raloxifene, and testosterone

Fig. 1 Ten-year probability of fractures, based on baseline parathyroid
hormone levels. The figure demonstrates a linear relationship between
baseline parathyroid hormone levels and ten-year probability of clinical
fractures. While there was a small inflection point at a PTH value of
101 pg/mL, there was no significant difference between the slope of the
curve for fracture risk, when comparing odds of fracture in subjects with
baseline PTH levels above and below a PTH value of 101 pg/mL. Instead,
the hazards of fracture rose steadily with increasing PTH values

Fig. 2 Ten-year probability of vascular events and death, based on
baseline parathyroid hormone levels. The figure demonstrates that
hazards of vascular events and death were lowest at PTH values of 69
and 59 ng/mL, respectively
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(95% confidence interval, 1.03, 1.55) for every 50 pg/mL
increase in PTH. The study suggests that treating HPT in stage
3–4 CKD patients might reduce the risk of vascular events,
thereby prolonging life. However, among nearly 4000 partic-
ipants of the Chronic Renal Insufficiency Cohort, baseline
PTH levels did not predict vascular events or death, whereas
baseline FGF23 levels did predict these clinical outcomes [28,
29]. We found no clinical trials demonstrating that treatment
of HPT reduced vascular events or death in stage 3–4 CKD
patients.

Among patients with primary hyperparathyroidism, re-
searchers have evaluated the relationship between baseline
PTH levels and subsequent risk of fractures, vascular events,
and death. In the Parathyroid Epidemiology and Audit
Research Study (PEARS), 1683 individuals with mild prima-
ry hyperparathyroidism who did not undergo parathyroidec-
tomy were monitored for adverse outcomes, and rates were
compared with those in age and gender-matched population of
individuals living in the same region [30, 31]. In PEARS,
baseline PTH was associated with fractures, cardiovascular
disease, and all-cause mortality. Interestingly, PTH levels in
patients with primary hyperparathyroidism have been linked
to higher systolic blood pressure, increased pulse wave veloc-
ity, and greater left ventricular mass [32]. In unselected pa-
tients undergoing cardiac catheterization, higher PTH levels
were associatedwith both the number and severity of coronary
artery occlusion [33].

Vascular smooth muscle and endothelial cells express re-
ceptors for PTH and PTH-related protein [34]. In ex vivo ex-
periments using femoral principle nutrient arteries [35], the
addition of PTH and PTH-related peptide promoted vasodila-
tion. To our knowledge, there is no direct data that PTH levels
rise to compensate for poor blood flow to the skeleton or
internal organs. Further studies are needed to understand
whether PTH is secreted in response to poor blood flow to
bones or vital organs.

We acknowledge that our study has both strengths and
limitations. We analyzed a large number of subjects’ electron-
ic health records. We controlled for covariates known to in-
fluence the risk of clinical outcomes. However, the nature of
this epidemiologic study can only suggest, not prove, a causal
relationship between PTH values and clinical outcomes.
Additionally, we could not determine whether low PTH
values resulted from excess calcium intake, vitamin D therapy,
or other factors. We had no information on why PTH was
measured in subjects, or whether results prompted a specific
intervention. Based on census data, our study contained very
few non-Caucasian subjects. Body mass index was not uni-
versally recorded until 2005 at MCHS so instead, we used the
less precise diagnosis of Bobesity^ as a covariate. We did not
measure FGF23 levels, which were associated with vascular
events and death in participants of the Chronic Renal
Insufficiency Cohort [28, 29]. We did not include serum

calcium and phosphorus levels in our models. Finally, we
cannot determine whether fractures were due to skeletal fra-
gility, as the circumstances leading fractures were not avail-
able via electronic health record search terms.

In conclusion, one in five older adults has CKD and most
of these patients develop secondary hyperparathyroidism.
Limited data exists on the relationship between PTH and clin-
ical outcomes in CKD stage 3 and 4 patients. Additionally,
there is no direct evidence from randomized, placebo-
controlled trials to confirm that treatment of secondary hyper-
parathyroidism reduces fractures, vascular events, or death.
We undertook this study to evaluate the relationship between
PTH and subsequent risk of fractures, vascular events, and
death. We found that PTH was an independent predictor of
all three adverse clinical outcomes. We also found that lower
PTH was associated with a lower probability of all outcomes.
Given the limitations of our study, it is important to verify
these findings in another database. If additional studies con-
firm a proposed target PTH level at which fractures, vascular
events, and death are reduced, then randomized clinical trials
will be needed, to verify that treatment of HPT improves the
health of CKD patients.
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